Abstract. In order to ensure the continuity of chemotherapy, it is crucial to provide appropriate supportive care to prevent chemotherapy-induced nausea and vomiting (CINV). The frequency of CINV is greatly affected by the type and combination of chemotherapy employed, which requires further investigation. With the use of patient diaries, a prospective study on the efficacy of antiemetic regimens for nausea and vomiting was conducted in 103 patients receiving highly or moderately emetogenic chemotherapy in the Ambulatory Therapy Center of our institution between August, 2010 and March, 2011. In this study, the efficacy of palonosetron in the delayed phase was affirmed. On days 4 and 5, in particular, palonosetron exhibited a significantly higher efficacy compared to that of other conventional serotonin (5-HT 3 ) receptor antagonists (5-HT 3 RAs). When the effects of chemotherapy on food intake were assessed by switching granisetron to palonosetron, an improvement in appetite was observed in one-quarter of the cases in the delayed phase. In addition, palonosetron has not been associated with any severe adverse drug reactions. It was therefore suggested that the use of palonosetron be recommended as a 5-HT 3 RA. In conclusion, our data suggested that palonosetron is effective and may be used as a 5-HT 3 RA, since it is crucial that we take adequate measures against CINV in order to maintain the patients' quality of life and to develop antiemetic regimens that ensure the continuity of chemotherapy without dose reduction.
Introduction
Chemotherapy-induced nausea and vomiting (CINV) is an adverse event that significantly impairs the patients' quality of life (1) . Thus, to ensure the continuity of chemotherapy, it is crucial to provide appropriate supportive care to prevent CINV.
With regard to preventing CINV, antiemetic agents corresponding to each emetogenic risk have been recommended in antiemetic guidelines. Novel antiemetics, such as aprepitant, a selective neurokinin-1 receptor antagonist (NK 1 RA) and palonosetron, a long-acting second-generation serotonin (5-HT 3 ) receptor antagonist (5-HT 3 RA), were relatively recently developed. Consequently, the guidelines of the American Society of Clinical Oncology (2), the National Comprehensive Cancer Network (3) and the Multinational Association for Supportive Care in Cancer (4) were updated to incorporate aprepitant and palonosetron and their use as antiemetics was recommended, corresponding to either high or moderate emetic risk.
Additionally, in Japan, the antiemetic guidelines issued by the Japan Society of Clinical Oncology (JSCO guidelines) (5) recommend two-drug combinations of a 5-HT 3 RA and dexamethasone for use in moderately emetogenic chemotherapy (MEC) and three-drug combinations of a 5-HT 3 RA, dexamethasone and NK 1 RA for use in highly emetogenic chemotherapy (HEC).
The symptoms of nausea and vomiting are categorized as either acute-phase, defined as episodes occurring within 24 h of the administration of chemotherapy, or delayed-phase, defined as episodes occurring after 24 h (6,7). The development of granisetron, a first-generation 5-HT 3 RA, was shown to mitigate acute nausea and vomiting (8) , although its efficacy for delayed nausea and vomiting is limited (9) . However, the more recently developed aprepitant (10) and palonosetron (11) have demonstrated promising outcomes in the control of acute-and delayed-phase nausea and vomiting.
In the JSCO guidelines, there is a paragraph highlighting the need to consider the evidence-based proper use of antiemetics upon correctly evaluating the emetogenic risks of each agent. However, the frequency of CINV is greatly dependent Palonosetron exhibits higher total control rate compared to first-generation serotonin antagonists and improves appetite in delayed-phase chemotherapy-induced nausea and vomiting on the type and combination of chemotherapeutic agents, which requires further investigation. Thus, in an attempt to assess the efficacy of the currently available antiemetic agents for nausea and vomiting following standard chemotherapy,we conducted a prospective study through the use of patient diaries on nausea and vomiting.
Materials and methods
Population. In the present study, participants were recruited among patients receiving HEC or MEC in the Ambulatory Therapy Center of our institution between August, 2010 and March, 2011. Patients with episodes of vomiting within 24 h prior to the administration of chemotherapy, those who required the administration of HEC or MEC on or after day 2 and those who received radiation therapy were excluded from the study.
The study protocol was approved by the Institutional Review Board prior to the initiation of the study and all the patients provided written informed consent prior to enrollment.
Assessment of antiemetic efficacy and safety. The episodes of nausea and vomiting were assessed through the use of patient diaries from the day of the treatment until day 5 (Fig. 1) . The efficacy endpoints were defined as follows: Complete response (CR), no emetic episodes and no rescue therapy; and total control (TC), no emetic episodes, no rescue therapy, no nausea and no appetite loss. The patients' diaries, in which the scores on the visual analogue scale (VAS) for assessing the severity of nausea (12, 13) , the presence of vomiting episodes and the appetite levels were recorded by the patients themselves over a period of 5 days, were collected and assessed. The appetite levels were recorded with a four-grade assessment system: Normal, appetite diminished due to nausea, food portions decreased due to nausea and almost no food intake due to nausea.
Statistical analysis.
In order to compare the assessments of antinausea or antiemetic activity, a statistical analysis was performed using the χ 2 test. The level of significance was set at 0.05 for all the tests. All the statistical analyses were performed using JMP software, version 9.0.2 (SAS Institute, Cary, NC, USA).
Results
Patient characteristics. The characteristics of the 103 patients are shown in Table I . The patients included 41 men and 62 women, with a median age of 61.6 years (range, 36-81 years). A total of 42 patients received HEC and 61 patients received MEC. The tumor types included colorectal (45), breast (24), gynecological (9), lung (8), biliary tract (6), gastric (6) and other types of cancer (5) . The chemotherapeutic regimens used were as follows: for HEC, fluorouracil + epirubicin + cyclophosphamide; cisplatin (CDDP) + gemcitabine; or CDDP + irinotecan (CPT-11); and for MEC, capecitabine + oxaliplatin̸folinic acid + fluorouracil + oxiplatin ± bevacizumab (Bev); folinic acid + fluorouracil + irinotecan (FOLFIRI)̸irinotecan + S-1 (IRIS) ± Bev; or CBDCA + paclitaxel. The four agents used as a 5-HT 3 RA were granisetron hydrochloride (granisetron), azasetron hydrochloride (azasetron), ramosetron hydrochloride (ramosetron) and palonosetron hydrochloride (palonosetron). One of these 5-HT 3 RAs plus dexamethasone and aprepitant (a three-drug combination) was administered to 42 patients.
Efficacy. The CR and TC rates in the delayed phase were assessed for all the patients and for those receiving HEC and MEC, by comparing the patients administered palonosetron (group P) to those administered a different 5-HT 3 RA (group X) (Fig. 2) . The CR rates for all, HEC and MEC patients in group P vs. those in group X were 86 vs. 76%, 93 vs. 84% and 77 vs. 72%, respectively. The TC rates for all, HEC and MEC patients in group P vs. those in group X were 48 vs. 43%, 55 vs. 52% and 40 vs. 35%, respectively. Although both groups exhibited an improvement in the VAS scores in the delayed phase over time (Fig. 3) , the changes exhibited by group P patients were more prominent compared to those exhibited by group X patients.
The changes in the VAS scores in the delayed phase (days 2-5) in HEC and MEC patients were further assessed. In HEC patients, the VAS scores on day 5 were lower in group P patients compared to those in group X patients (Fig. 4A) . When the reduction in the VAS scores on days 3-5 in HEC was assessed by defining the scores of day 2 as 100%, the decrease in VAS scores on day 5 in group P patients was significantly more prominent, with a more significant improvement compared to that in group X patients (Fig. 4B) . Furthermore, as regards MEC patients, the VAS scores in group P were also lower compared to those in group X on days 4 and 5 (Fig. 4C) ; when the relative reduction in VAS scores in group P patients after day 2 was assessed, the decrease in VAS scores on days 4 and 5 in group P patients was significantly more prominent compared to that in group X patients (Fig. 4D) .
Furthermore, changes in food intake were assessed in 18 patients in whom granisetron was switched to palonesetron (Fig. 5) . In the delayed phase, a total of 22.2% (4/18) of the patients attained increased food intake and exhibited improved appetite. 3 RAs, NK 1 RAs and dexamethasone are effective antiemetic agents used to prevent CINV. In Japan, NK 1 RAs are currently covered by public health insurance and palonosetron has become available as a second-generation 5-HT 3 RA. These Figure 2 . Complete response (CR; no emetic episodes and no rescue therapy) and total control (TC; no emetic episodes, no rescue therapy, no nausea and no appetite loss) rates in the delayed phase by emetogenic drugs (HEC, patients receiving highly emetogenic chemotherapy; MEC, patients receiving moderately emetogenic chemotherapy). antiemetics are also recommended in guidelines published in the USA and Europe (2-4) .
Discussion

5-HT
The efficacy of palonosetron was demonstrated in the present study. Palonosetron exhibited a greater efficacy compared to other conventional 5-HT 3 RAs, particularly on days 4 and 5, as it has a long half-life (14) ; it was also found to be effective in HEC and MEC in the delayed phase. In certain cases in the present study, granisetron was replaced by palonosetron in an attempt to achieve higher efficacy of the newly developed antiemetics to determine the effects of chemotherapy on food intake. Improvements in appetite were previously reported (11) , particularly in the delayed phase, in one-quarter of the patients in whom the antiemetic agent was switched to palonosetron. There were no serious side effects and, although there has not yet been a listing of palonosteron in the Japanese guidelines (5), it was suggested that the use of palonosetron as a 5-HT 3 RA be prioritised over that of other available 5-HT 3 RAs.
Additionally, improvement of the VAS scores on days 4 and 5 is crucial in terms of maintaining the nutritional status and reducing the time of appetite loss. However, there were certain limitations to our study. When CR and TC rates in the delayed phase were assessed by HEC and MEC regimens, the TC rates for both groups were low; in particular, the TC rates in MEC were 33%, which is lower compared to the 51.9% previously reported (15) . This discrepancy may be attributed to the TC rate in the present study being more strictly defined [i.e., complete control (CC) was previously defined as 'no nausea and no vomiting']. The other plausible cause for these discrepancies may be the fact that there were some cases in which dexamethasone was not administered on days 2 or 3. In fact, in those cases receiving the guideline-directed regimens, the CC rates were almost equivalent to those previously reported (data not shown). The detailed mechanism through which dexamethasone mitigates nausea and vomiting has not been fully elucidated (16) ; however, it is an evidence-based agent reported to exhibit high dose-dependent efficacy (17) . The present study demonstrated that the CR and TC rates were decreased in the corresponding dexamethasone-free regimens, indicating that guideline-directed antiemetic therapies should be recommended. However, the development of dexamethasone-free regimens is required for patients who are unable to tolerate the adverse effects of dexamethasone, including hyperglycemia and insomnia (18, 19) .
The JSCO guidelines recommend the use of two-drug combinations for antiemetic regimens against CINV in MEC (20); however, by definition, the frequency of CINV episodes in MEC is 30-90% (21) and the addition of aprepitant to certain antineoplastic agents has been recommended. CPT-11-based regimens, including FOLFIRI and IRIS, one of the major chemotherapeutic regimens for colorectal cancer, are another example. Our results demonstrated that the CR and TC rates in CPT-11-based regimens were lower and the VAS scores were significantly higher compared to the other MEC regimens (data not shown). Thus, we concluded that it may be necessary to include NK 1 RA as part of the three-drug combination (5-HT 3 RA, NK 1 RA and dexamethasone), similar to HEC. Additionally, there have been a number of cases in which breakthrough emesis developed despite the patient being on a three-drug antiemetic regimen, which is another major issue of CINV that needs to be addressed in the immediate future. Although existing guidelines recommend the use of domperidone and metoclopramide as adjunct agents (5), the efficacy of these agents was not found to be satisfactory. Olanzapine has relatively recently gained recognition for its efficacy against hard-to-control CINV (22) , becoming one of the promising antiemetics. Furthermore, the use of Rikkunshito a traditional Japanese (Kampo) medicine, previously shown to be efficient against appetite loss in CDDP regimens (23) , also needs to be taken into consideration.
In conclusion, our data indicated that palonosetron is effective and may be recommended as a 5-HT 3 RA, as it is crucial that we take adequate measures against CINV to maintain the patients' quality of life and develop antiemetic regimens that ensure the continuity of chemotherapy without dose reduction.
